
INTRODUCTION
Although hepatolithiasis is a benign condition, the 
clinical progression of  this disease not only often limits a 
patient’s social activities, sometimes to an extreme degree, 
but also may lead to liver parenchymal destruction due 
to recurrent cholangitis or even septic death if  adequate 
treatment is not provided. Moreover, cholangiocarcinoma 
is found in approximately 5-10% of  patients with 
hepatolithiasis[1,2]. The incidence of  hepatolithiasis in 
the Korean population has been reported as 15% of  all 
biliary tract stones, which is relatively higher than the data 
reported in Western populations[3].

In clinical practice, however, the treatment results are 
less favorable when compared to those of  extrahepatic 
bile duct stones. The reason for this is the stricture of  the 
intra-hepatic duct as a major cause of  hepatolithiasis[4,5], 
which is commonly intractable because of  the anatomical 
characteristics. It has been known that the most important 
aspects in the treatment of  hepatolithiasis is the complete 
removal of  all intra-hepatic stones and resolution of  
accompanied intra-hepatic duct stricture, in order to 
reduce the incidence of  post-operative cholangitis and 
stone recurrence[6].

Recent developments in endoscopic techniques have 
also been shown to result in favorable outcomes[7]. Such 
advances have led to the shifting of  surgical practice 
from uniform surgery to a combination of  surgery and 
endoscopy for the treatment of  hepatolithiasis[8,9]. But 
the endoscopic approach for hepatolithiasis is not always 
successful due to various intra-hepatic duct anatomies 
and cannot solve concomitant liver atrophy or latent 
cholangiocarcinoma.

The authors of  this study implemented a surgical 
approach for hepatolithiasis according to the Tsunoda 
classifi cation of  hepatolithiasis, which describes the intra-
hepatic duct in terms of  dilatation and strictures, and is as 
follows: type I, no marked dilatation or strictures of  intra-
hepatic bile ducts; type II, diffuse dilatation of  the intra-
hepatic biliary tree without intra-hepatic duct strictures 
and frequently a stricture of  the distal common bile 
duct; type III, unilateral solitary or multiple cystic intra-
hepatic dilatation, frequently accompanied by stenosis of  
the left or right intra-hepatic bile ducts; and type IV, the 
same attributes as type III but with bilateral involvement 
of  hepatic lobes[10]. The authors’ policy of  treatments in 
hepatolithiasis is according to Tsunoda type, that is, the 
type I or II is treated with endoscopic approach and the 
type III or IV is with surgical approach.

PO Box 2345, Beijing 100023, China                                                                                                                      World J Gastroenterol  2006 January 21; 12(3): 431-436
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

 VIRAL HEPATITIS

Favorable outcomes of hilar duct oriented hepatic resection 
for high grade Tsunoda type hepatolithiasis

Bong-Wan Kim, Hee-Jung Wang, Wook-Hwan Kim, Myung-Wook Kim

Bong-Wan Kim, Hee-Jung Wang, Wook-Hwan Kim, Myung-
Wook Kim, Department of Surgery, Ajou University School of 
Medicine, Wonchon dong, Youngtong ku, Suwon, Kyounggi 
Province, South Korea
Correspondence to: Professor Hee-Jung Wang, MD, PhD, 
Department of Surgery, Ajou University School of Medicine, 
San-5, Wonchon dong 442-749, Youngtong ku, Suwon, 
South Korea. wanghj@ajou.ac.kr
Telephone: +82-31-219-5204  Fax: +82-31-219-5755
Received: 2005-06-29         Accepted: 2005-07-28

Abstract
AIM: To evaluate the efficacy of hilar duct oriented 
hepatectomy for intractable hepatolithiasis, the ventral 
hilum exposure (VHE) method that has been applied by 
the authors.

METHODS: From June 1994 to June 2004 for a period 
of 10 years, 153 patients who had Tsunoda type III or IV 
hepatolithiasis, received hepatectomy at our institution. 
Among these patients, 128 who underwent hepatectomy 
by the VHE method were the subjects for the study. We 
analyzed the risk of this procedure, residual rate of intra-
hepatic stones, and stone recurrent rates.

RESULTS: The average age was 54.2 years, and the 
male to female ratio was 1:1.7. The average follow-up 
period was 25.6 mo (6-114 mo). There was no post-
operative severe complication or mortality after the 
operation. The rate of residual stones was 5.4% and the 
rate of recurrent stones was 4.2%.

CONCLUSION: VHE is a safe surgical procedure and 
provides favorable treatment results of intractable 
hepatolithiasis. Especially, this procedure has advantage 
in that intra-hepatic bile duct stricture may be confi rmed 
and corrected directly during surgery.

© 2006 The WJG Press. All rights  reserved.
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MATERIALS AND METHODS
From June 1994 to June 2004, a retrospective review 
was undertaken of  153 patients who received partial 
hepatectomy for hepatolithiasis at our institution, among 
whom, 128 patients underwent hilar duct oriented 
hepatectomy (ventral hilum exposure method, VHE). We 
analyzed the surgical risk of  VHE method, residual rate 
of  intra-hepatic stones, stone recurrent rates, and those 
patients with concomitant cholangiocarcinoma were also 
investigated.

The definition of  hepatolithiasis was according to 
the description by Couinaud in which a gallstone is 
present in the proximal portion of  the confluence of  
the common hepatic duct. The presence of  residual 
or recurrent hepatolithiasis after surgery were assessed 
by ultrasonography (US), computerized tomography 
(CT) scans, cholangiograms by endoscopic retrograde 
cholangiopancreaticography (ERCP) and/or percutaneous 
transhepatic cholangiography (PTC). The postoperative 
follow-up comprised of  US every 3 mo and CT scan 
every 6 mo for the first three years, and then once a 
year thereafter, or when abnormal symptoms suspicious 
of  cholangitis or residual or recurrent hepatolithiasis 
were present. If  the residual or recurrent stones were 
suspected by US or CT scan, the PTC and/or ERCP were 
introduced.

Recurrent hepatolithiasis was defined as stones 
recurring after 2 years of  initial therapy. Operative 
mortality and hospital mortality was defi ned as death of  a 
patient within 30 d of  surgery, and death before discharge 
from the hospital after surgery, respectively.

Operative techniques
The goal of  VHE is total exposure of  the hilar bile duct. In 
case of  left lobectomy, fi rst the course of  middle hepatic vein 

and the distribution of  intra-hepatic stones are confi rmed by 
intra-operative US, then the gallbladder is removed. A sagittal 
liver parenchyma dissection (hepatotomy) along the Cantlie’s 
line or midline of  the GB bed is done until reaching the right 
hilar Glisson’s sheath. Then the sagittal dissection plane is 
rotated 90° to the left along the coronal plane or pre-caudate 
plane[11]. The preservation of  the middle hepatic vein during 
sagittal hepatotomy is optional. Managed thus, long segment 
of  the ventral portion of  hilar Glisson’s sheath can be sepa-
rated from dorsal part of  the segment IVb liver parenchyma 
(Figures 1A and B). Without exception in our experience, the 
hepatic hilar bile duct is situated at the extreme antero-superi-
or aspect in the hilar Glisson’s pedicle that can be confi rmed 
by needle puncture aspiration of  bile, and then the anterior 
wall of  the hilar bile duct can be opened safely along its direc-
tion without the need of  dissection of  hilar Glisson’s sheath 
(Figures 1C and D).

In this way, direct visualization of  the openings of  the 
second order branches of  the intra-hepatic bile duct allows 
pronounced accuracy of  intra-operative cholangioscopy 
in each of  the intra-hepatic duct branches, and precise 
evaluation of  the distribution of  intra-hepatic stones and 
hilar stricture, and plastic reconstruction of  the strictured 
hilar hepatic duct. Plastic reconstruction of  intra-hepatic 
duct results in avoidance of  a hepatico-jejunostomy in 
almost every patient, and also primary closure of  the bile 
duct incision site maintains the physiologic anatomy of  the 
intra-hepatic bile duct. The VHE procedure also resulted 
in easier confi rmation of  the common bile duct status, and 
none of  the patients who received this therapy required a 
T-tube choledochostomy (Figures 2 and 3).

We d id not perfor m VHE in cases where the 
hepatolithiasis was situated in the third branch or the more 
periphery of  the intra-hepatic bile duct, when parenchymal 
destruction of  the liver was observed in the periphery, 
and when no stricture was present up to the second 

Figure 1 Schematic drawing of VHE 
procedure during left lobectomy. A: 
Hepatotomy commences vertically from 
the Cantlie’s line to the direction of the 
hilar bile duct (thick arrow); B: after 
reaching the hilum, the hepatotomy is 
continued along the pre-caudate plane 
(angled thick arrow); C: the ventral 
portion of the hilar hepatic duct is opened 
along its direction; D: after completion of 
the necessary ductal procedure.
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order branches of  the hilar bile duct. These patients were 
managed with conventional liver parenchyma resection 
(Table 1).

RESULTS
The average age of  patients who received VHE surgery 
was 54.2 years, and the male to female ratio was 1:1.7. All 
128 patients who underwent VHE surgery were Tsunoda 
type III or IV (98 patients were Tsunoda type III, and 30 
were type IV). The type of  stone in all the 153 patients 
who received surgery was pigment stone, and hilar duct 
stricture was confirmed in 90 of  128 patients who had 
VHE surgery (70%). In the remaining 38 patients without 
hilar ductal stricture, strictures were observed in the 

second order branches.
The average fol low-up period of  128 pat ients 

after VHE for hepatolithiasis was 25.6 months (range; 
6-114 mo). The number of  patients with residual stones 
after VHE hepatectomy was 7/128 (5.4%), and residual 
stones were found in 4/98 patients with Tsunoda type 
III (4.1%) and in 3/30 with type IV (10%). Among them, 
there were six patients in whom residual stone removal 
by PTCS was performed who had symptoms such as 
cholangitis. And the remaining four asymptomatic patients 
were being followed up only with observation to date.

We could follow-up 48 patients with CT scan and US 
for more than two years after complete stone removal 
by the VHE method. The range of  the follow-up period 
of  these 48 patients was 26-116 mo, with an average of  

A B

Figure 2 A: Dissecting along the pre-caudate plane allows the ventral portion of the hilar duct to be exposed during left lobectomy; B: the hilar duct was opened along its 
direction; RHD: right hepatic duct opening.

←

Precaudate plane

←

← ←

←

Hilar duct

RHD

Caudate duct 

Stricture

A

C

B

D

Figure 3 During central lobectomy, the hilar duct was exposed and opened. A: Extraction of the IHD stones; B and C: application of intra-operative choledochoscope to the 
left and right IHD; D: after the removal of all intra-hepatic stones.
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60.4 mo. Among them, only two patients had recurrent 
stones, showing a recurrence rate of  4.2% (2/48). Both of  
these patients were Tsunoda type III at the time of  surgery 
(Table 2). And these two recurrent patients developed 
cholangitis, and one died of  sepsis as a result of  the 
cholangitis. Among the 46 patients who were followed 
up for more than 2 years without recurrent stones, 2 
developed acalculous cholangitis as the complication and 
were managed by conservative treatment. One patient was 
diagnosed with cholangiocarcinoma 3 years after surgery 
without evidence of  stone recurrence (Table 3).

Among the total of  153 patients who received 
hepatectomy for hepatolithiasis, there were 17 cases of  
cholangiocarcinoma (11%), and six of  these patients 
were of  advanced state of  unresectable disease during 
laparotomy. There were also three patients with in situ 
cholangiocarcinoma after confi rmation of  pathology. And 
only three patients were pre-operatively determined to be 
with cholangio-carcinoma among the total of  17 cases of  
concomitant cholangiocarcinoma.

There was no case of  operative mortality or hospital 
mortality in all patients who were studied. Post-VHE 
complications occurred in 33/128 patients (25.7%), and 
consisted of  wound infections (20 patients, the most 
common complication), pulmonary complications such as 
pleural effusion or pneumonia (nine patients), bile leakage 
(four patients), and one case each of  post-operative minor 
intra-abdominal hemorrhage, intraperitoneal abscess, and 
gastrointestinal bleeding. All of  the complicated cases were 
successfully managed conservatively.

DISCUSSION
Recent therapy by the combination of  endoscopy and 

surgery for the treatment of  hepatolithiasis has allowed 
overcoming the limitations of  each modality and therefore 
has led to marked enhancement of  treatment results. 
Another reason for the increased treatment success may 
be due to the more accurate pre-operative evaluation of  
intra-hepatic bile duct strictures and distribution of  intra-
hepatic stones.

Many favorable results have been reported in the 
literature with regard to endoscopy in the management of  
hepatolithiasis[7,12]. In our institutional experience, analysis 
of  endoscopic treatment results of  106 patients with 
hepatolithiasis has shown that the overall residual stone 
rate was 16%, but this rate was higher in patients with 
Tsunoda types III and IV (24% and 30%, respectively). 
We thought that this result was from the intra-hepatic 
stricture and the sharp angled branches of  the intra-
hepatic bile duct anatomy[13,14]. And it is well known that 
there are major limitations of  endoscopic hepatolithiasis, 
such as parenchymal destruction of  the liver, liver abscess 
formation, and a 5-10% incidence of  cholangiocarcinoma 
that occurs in patients with hepatolithiasis[1,2,15,16]. Our study 
revealed a slightly higher rate (11%) of  patients found with 
cholangiocarcinoma, compared to previous reports from 
other institutions, and the reason for this is thought to be 
due to the fact that patients who received surgery in our 
institution were those with parenchymal destruction and 
intra-hepatic bile duct stricture, and also because a larger 
number of  patients were with long-standing, advanced 
hepatolithiasis. Another serious problem in patients 
with hepatolithiasis accompanied by the presence of  
cholangiocarcinoma is that the latter disease is not easily 
detected in the pre-operative evaluation, and thus may be 
missed during endoscopic treatment of  hepatolithiasis[2,17]. 
This was also our fi nding in this study.

Endoscopic treatment of  hepatolithiasis is considered 
to be relatively safe[18]. However, to endoscopically remove 
all stones completely and to resolve stricture of  the intra-
hepatic bile duct, the procedure is conducted on an average 
of  3 to 4 times at 1-2 wk intervals, restricting the patients’ 
activities over a long period of  time, even though the 
procedure entails less physical and psychological burden 
for the patient than surgical operation.

In Korea as well as in most Asian populations, 
pigment stones are the most common, while cholesterol 
stones are predominant in Western populations. This 
was also the case in our study in which all patients who 
received surgery were with pigment stones. In contrast to 
cholesterol stones, pigment stones demonstrate different 
clinicopathologic features of  the intra-hepatic bile duct. 
Most cholesterol hepatolithiasis are usually located in the 

Table 1 Type of hepatic resection

Type of operation n

Explo-laparotomy only1 6
LLS2 14
LLS+RPS3 2
RPS 3
CL4 4
LL5

±subsegmentectomy 114
RL+IVb6 10
Total 153

Non-VHE (25)

VHE (128)

1Explo-laparotomy only due to carcinomatosis of cholangiocarcinoma. 2Left 
lateral segmentectomy. 3Right posterior segmentectomy. 4Central lobectomy. 
5Left lobectomy. 6Right lobectomy+subsegmentectomy IVb.

Tsunoda type
Number of residual
 stone (%)

Number of recurrent 
stone (%)

III 4/98 (4.1) 2/39 (5.1)
IV 3/30 (10) 0/9 (0)
Total 7/128 (5.4) 2/48 (4.2)

Table 2 Rate of residual and recurrent stones after VHE 
procedure (n=128) according to Tsunoda type

Long-term results Number of cases (%)

Free of symptoms and no recurrent stones 43 (89.6)
Recurrent stones with cholangitis 2 (4.2)
Cholangitis without recurrent stones 2 (4.2)
Cholangiocarcinoma 1 (2.1)

Table 3 Long-term results in patients (n =48) who 
underwent complete stone removal by VHE
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peripheral intra-hepatic ducts, accompanied by a lesser 
incidence of  cholangitis, there is less wall thickening of  
the stone-containing duct, and the presenting symptoms 
are usually mild. However, pigment stones are frequently 
accompanied by hilar duct stricture and hilar duct stones, 
show severe wall thickening of  the stone-bearing duct, and 
the symptoms are more severe due to a higher incidence of  
cholangitis[19]. According to our knowledge of  previously 
reported literature, we have not been able to find any 
reports with regard to the rate of  hilar duct stricture in 
hepatolithiasis patients due to pigment stone. We, however, 
were able to observe in our study that hilar stricture was 
present in 90 of  153 (59%) patients. Therefore, it is the 
opinion of  the authors that during surgery for pigment 
stone hepatolithiasis, resection of  the stone bearing liver 
parenchyma and removal of  stones only is inadequate 
because the possibly accompanied hilar strictures will 
make recurrent diseases, and which must be appropriately 
corrected during surgery.

The VHE procedure adopted and analyzed by the 
authors of  this study has been established as a safe method 
in a previous report of  the pre-caudate plane of  the para-
caval portion of  the caudate lobe[11]. Anatomically, the 
pre-caudate plane may be described as a plane bounded 
inferiorly by the hilar Glisson’s pedicle, superiorly by the 
dorsal portion of  origin of  the middle hepatic vein, the 
left side by the ligamentum venosum, and the right side by 
the imaginary line of  the second order branching point of  
the right Glisson’s pedicle and the dorsal portion of  origin 
of  the right hepatic vein[11,20].

According to the experience of  the authors of  this 
study, we did not observe any postoperative incidence 

of  severe hemorrhage of  the resection plane or hypoxic 
damage of  the caudate lobe during hepatotomy along the 
pre-caudate plane for left lobectomy or extended right 
lobectomy of  the liver.

This VHE method a l so per mi t ted fac i l i t a ted 
understanding of  individual hilar bile duct anatomy, the 
openings of  second order branches from the hilar bile duct 
by completely exposing the ventral hilar Glisson’s pedicle 
and then incising along the hilar bile duct. It also allowed 
increased accuracy of  the intra-operative choledochoscopy, 
complete removal of  intra-hepatic stones without diffi culty 
under direct visualization, and easier stricture-plasty of  the 
constricted hilar bile duct.

Our experience showed that the opening of  hilar bile 
duct along its direction will allow visualization of  3 or 
4 openings of  the second order branches of  the intra-
hepatic bile duct, which emerge beginning from the right 
side in the following order; the anterior segmental branch, 
the posterior segmental branch (or common duct opening 
of  right anterior and posterior hepatic duct), and 2 caudate 
branches. In many instances, the order and the number 
of  caudate branches varied from patient to patient, and 
the order frequently presented as anterior segmental 
branch, caudate branch, posterior branch, and then the 
caudate branch. When hilar bile duct stricture is present, 
the stricture site may exist anywhere in the openings of  
the second order branches, thus necessitating adequate 
exposure of  the hilar bile duct for direct visualization of  
the inside of  the hilar bile duct for preservation of  each 
second order branches during stricture-plasty (Figure 4).

Whenever possible, the authors did not perform a 
bilioenterostomy after hepatectomy but attempted to 

A
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D
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Posterior duct 

Stricture-plasty

Anterior duct 

Stricture-site

Strictured entry of right IHD

Figure 4 A and B: Pre-operative imaging of hepatolithiasis with hilar duct stricture; C: opened hilar IHD shows narrow entry of right IHD (arrow); D: after stricture-plasty both 
entries of the right anterior and posterior ducts are seen.
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conserve the anatomy of  the bile duct physiologically. 
This was because according to two studies by Kusano 
et al[21] and Jan et al[22], incidence of  cholangitis was high 
after bilioenterostomy.

In this study, the 5.4% rate of  residual stones and 4.2% 
of  recurrent stones after VHE surgery for hepatolithiasis 
were much better results than historical control datas of  
conventional hepatectomy that showed residual stone rate 
about 10% and recurrent stone rate about 12-29.6%[22-25], 
and this may be attributed to the high efficacy of  the 
VHE procedure in correcting the bile duct stricture. 
Moreover, as the patients who underwent VHE for 
hepatolithiasis in this study were all high grade Tsunoda 
type which is diffi cult to remove by endoscopic methods, 
the effectiveness of  the proposed VHE method is further 
stressed. We also emphasize the complication rate of  
VHE which was comparable with that of  conventional 
hepatectomy.

In conclusion, we present in this study the VHE 
method that allows accurate assessment of  the pathologic 
anatomy of  the intra-hepatic bile duct during hepatectomy 
for hepatolithiasis. We also suggest from our observed data 
that this procedure will decrease the residual stone rate 
and long term recurrent stone rate after surgery without 
serious complications. We recommend this procedure for 
surgical treatment of  intractable hepatolithiasis.
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